Introduction
The construct of "work capacity" describes an individual's ability to perform work tasks on a safe and dependable basis. It is a complex construct that encapsulates many different abilities [1] as they apply to work tasks. These abilities are measured and compared to task demands in order to determine the likelihood that the individual will be able to perform the tasks with reasonable safety and dependability [2, 3] . Work capacity is difficult to measure [4, 5] .
Therefore, a work capacity evaluation must be operationally defined within the context of the application to which it will be put. For the purposes of this paper, work capacity evaluation will be defined as the objective quantification of occupational disability which can be used for three purposes: To provide compensation; to measure the progress of a treatment program; and to compare the effect of different types of treatment.
Occupational Disability
Disability is the summation of the role consequences of functional limitations [6] [7] [8] [9] .
Occupational disability can be defined as the individual's uncompensated shortfalls in responding to work demands [10] . Figure One represents this definition in graphic terms.
---Insert Figure 1 Here ---
The occupational disability that a person experiences after an injury is a consequence of the severity of the pathology and resultant impairment and functional limitations that are workrelated, compared to the individual's pre-injury work capacity.
In practical terms, the current work capacity of the individual must be measured in a manner that allows comparison to the work capacity of that person if the pathology had not occurred. The
This flow chart is used by the Cal-FCP evaluator to identify the most reasonable disability category. This information is presented to the treating physician as a recommendation, along with all of the data collected during the examination. The treating physician uses these data to prepare a written report that is pertinent to the occupational disability rating model. This should usually be done after 30 days of treatment if the patient has not returned to work and at least once again at the conclusion of treatment if there are permanent functional limitations.
Development of Test Criteria
The second step in the process was to set criteria for the test battery that were reasonable within the context of the workers' compensation system and the limitations of readily available technology. The standards which have been published by the American Psychological Association [39] and the American Physical Therapy Association [40] for evaluation of human performance were used as guides. In these models, there are five issues which must be addressed in the selection and use of any functional test in a patient population. These issues, presented in hierarchical order, are:
1. Safety -Given the known characteristics of the patient, the procedure should not be expected to lead to injury;
2. Reliability -The test score should be dependable across evaluators, patients, and the date or time of test administration;
4. Practicality -The cost of the test procedure should be reasonable and customary. Cost is measured in terms of the direct expense of the test procedure plus the amount of time required of the patient, plus the delay in providing the information derived from the procedure to the referral source;
5. Utility -The usefulness of the procedure is the degree to which it meets the needs of the patient, referrer, and payor.
This hierarchy requires that each of the factors be addressed so that the factors which are presented earlier are maintained. For example, it is not permissible to sacrifice safety for the sake of practicality. In addition, the first four factors must be adequately addressed in order for utility to be achieved. Of course, without utility, the test is of no value. Using this approach, the following design criteria were established:
1. Safety -Because the patient may not be medically stable, the test battery must be able to be safely administered under specified circumstances. These are:
a. Appropriate diagnostic procedures must have been completed to confirm that the test procedures can be administered safely and/or appropriate guidelines for safe test administration can be specified. b. The test battery must be administered by an appropriately trained physician or by appropriately trained personnel under the supervision of a physician.
2. Reliability -Because the test battery will be administered by personnel with many different types of professional preparation in many different settings to many different types of patients, special efforts must be made to insure reliability.
These include:
a. The components of the test battery must be standardized and invariant without regard to the patient. c. The functional level at which the patient is likely to return to work.
Selection of Tests
After the test selection criteria were specified, the following evaluation tasks were selected, presented in order of administration in the Cal-FCP test battery: Based on the evaluee's response, the evaluator rates current ability on a one to five ordinal scale, from "Able" to "Unable" compared with the evaluee's pre-injury ability using the criteria that are presented in Table 2 . ---Insert Table 3 Here --- Job Demands Questionnaire -A short questionnaire [42] that structures input from the evaluee in terms of his or her job demands is completed as the last step in the seated segment of the Cal-FCP. The purpose of this exercise is to provide information about the evaluee's perception of the job demands against which the performance test measures can be compared. In addition, this activity extends seated task duration. This information is not included in the disability rating but will be useful to the treating doctor. Accordingly, it is included as an attachment to the Cal-FCP standard report form that is provided to the doctor at the conclusion of treatment.
Lateral Pinch Test -Lateral pinch (also known as "key pinch") strength is measured through the use of the B & L Pinch Gauge following the protocol endorsed by the American Society of
Hand Therapists [43] because this has been shown to be reliable [43, 44] each test session by explaining the purpose of the test to the evaluee. The evaluee stands in front of a solid wall, at a distance with arms outstretched hands can be comfortably placed on the wall.
Feet are shoulder width apart. The evaluee is instructed to move from a standing position to each posture and to return to a standing position according to the heights listed in Table 4 .
---Insert Table 5 Here ---Up to a one-minute standing rest is allowed between postures. The evaluator counts down 15 seconds for the evaluee to hold each of the five postures.
Lift Capacity Test -An isoinertial measure of progressive lift capacity, the EPIC Lift Capacity test (ELC) is used in the Cal-FCP because of the availability of age-based normative data [15, 36] . In addition, the ELC has been demonstrated to be safe and reliable, with low reactivity in use with persons who have medical impairments [46, 47] . In the Cal-FCP, the first three segments of the ELC are administered, following the standard procedures.
Carrying Test -The evaluee's ability to carry the loads that he or she was able to lift in ELC Test #3 is assessed through the use of a structured task simulation. The evaluee is instructed to carry the ELC crate with each of the loads that were used for each stage of ELC Test #3 while walking on a 100-foot course over a flat and unobstructed surface at 3 miles per hour. The evaluee begins with the starting load for ELC Test #3 and completes one cycle. After a 20-second standing rest, the load is incremented by 10 pounds and the evaluee completes another cycle. The test progresses in this manner until the maximum acceptable weight achieved in ELC Test #3 is reached. After the evaluee completes the carrying task, the evaluator rates the evaluee's performance according to the criteria in Table 2 . 
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Climbing Test -The evaluee's ability to climb while carrying the maximum load that he or she was able to lift in ELC Test #3 is assessed through the use of a structured task simulation. This task simulates climbing up and down one ten-foot flight of stairs in an office building. The evaluee is instructed to carry the ELC crate with the maximum acceptable weight achieved in ELC Test #3 while stepping up and down an eight-inch high step for 15 cycles with a cadence of one-step per second. Cadence is counted by the evaluator. Alternately, a metronome can be used. The evaluee will require 60 seconds to complete this task. The evaluee's ability to complete this task is rated by the evaluator according to the five-point ability scale, from able to unable. After the evaluee completes the climbing task, the evaluator rates the evaluee's performance according to the criteria in Table 2 .
Effort Rating
Because the results of the Cal-FCP had important financial consequences for each evaluee, it was important to screen for less than full effort performance. Four the of tests (SFS, Pinch, Grip and ELC) have built-in indicators of effort. In addition, an evaluator's rating of effort was made on each case. The evaluator's rating of effort previously has been shown to be a reliable and useful indicator of full effort [48] and has been shown to be useful in both assessment and treatment of persons who are disabled due to spinal injury [49, 50] . Unlike the ten-point test performance scale used by Hazard and his colleagues [48] or the four-point global scale used by
Mayer and his colleagues [49, 50] , the present study devised a three-level rating scale which focused on effort during the ELC lift test. The scale ranged from "reliable effort" to "questionable effort" to "unreliable effort". Examples of each were developed and provided to evaluators during the training process. 
Test Order
The evaluation tasks are grouped and each is presented to the evaluee in an invariant order to allow optimal observation of prolonged sitting. Thus, the lengthy paper and pencil tasks combine to become a functional activity so that sitting tolerance can be assessed. The order which each test is presented to the evaluee is described in Table 6 .
---Insert Table 6 Here ---The duration of each task will vary from patient to patient but has been shown in practice to conform to these general parameters.
Demonstration Project
Once the Cal-FCP test protocol was developed, training of experienced health care clinicians was undertaken at five centers in various parts of California. A demonstration project was designed to evaluate the implementation of the protocol. The duration of the Cal-FCP protocol in hands other than its developers, the internal consistency of the protocol, and its utility in measurement of work capacity were issues to be addressed in this project.
Methods
Subjects -Sixty-four subjects (32 females and 32 males) were studied. Subjects in this study Table 7 .
---Insert Table 7 Here ---Procedures -Upon referral to the treatment program, all subjects were provided with an informed consent document and a brief description of the research project. After consent was obtained, subjects underwent Cal FCP testing, following the protocol described above. The test battery was administered by exercise physiologists, a registered nurse, physical therapists and occupational therapists who had participated in a special two-day training program which included a knowledge test and required demonstration of reliability on the lift capacity test with five test-retests of healthy subjects. No new injuries or exacerbations of current impairment were reported.
Results
Subject Characteristics -A series of unpaired t-tests demonstrated that there were no significant differences between genders in terms of age (t 62 = -.124, p = .90) or time since injury (t 62 = 1.42, p = .16). Expected differences were found for both height (t 62 = -6.60, p < .0001) and weight (t 61 = -3.99, p = .0002), with males being taller and heavier. 
Duration of Test Administration -
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Measurement of Lost Work Capacity -Another important question for the demonstration project had to do with the measurement of loss of work capacity and the extent to which subjects would be found to be disabled, given use of information from the Cal FCP in the California workers' compensation system. The Decision Tree depicted in Figure 2 begins with loss of lift capacity. Mean (SD) lift capacity for this sample, expressed as a percent of body weight was 21.1% (12%). As expected, there was a significant difference between males and females on lift capacity (t 55 = -3.86, p = .0003). This sample demonstrated a mean (SD) loss of lift capacity of 40.9% (27.9%). There was no significant difference between men and women in terms of loss of lift capacity (t 54 = 1.28, p = .21), as is described in Table 7 . Seven (7) of the subjects (four men and three women) had no loss of lift capacity. An additional 11 subjects (six men and five women) had a loss of lift capacity that was less than 25%, which is interpreted by the California model into no residual disability.
Disability Rating -The disability rating that is based on Cal-FCP data was able to be ascertained for 57 of the 64 subjects (89%). The degree to which gender affected disability rating was studied by Chi-Square analysis which demonstrated a non-significant finding (χ 2 7 = 3.81, p =.80). A similar analysis of the effect of age on disability rating was performed after recoding age by splitting subjects into two groups, using 40 years as the cut-point. This cut-point corresponds to United States federal age discrimination laws. This analysis also demonstrated a non-significant finding (χ 2 7 = 3.03, p =.88). The distribution of subjects by disability categories is described in Table 8 .
---Insert Table 8 Here --- 
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Measurement of Effort -Twelve of the 64 subjects had effort ratings by the evaluator that were less than full effort. Interestingly, none of the subjects was rated as "not reliable". All were found to have "questionable" ratings, which were equally divided between males and females.
The rating of effort was studied by comparing those subjects who had less than full effort ratings in terms of several performance variables in serial analyses of variance. There were no significant differences between groups based on age, time since injury, duration of testing, pinch or grip. Significant differences were found for Spinal Function Sort score (F 1,60 = 11.07, p = .0015) and loss of lift capacity (F 1,54 = 8.04, p = .0064). The values are presented in Table 9 .
---Insert Table 9 Here --- 
Summary
This paper describes the development of the Cal-FCP test battery, which is a method to measure the work capacity of people with soft tissue musculoskeletal injuries in a standardized manner.
The purpose and goals of the development project were to improve the reliability and validity of the disability determination system. The established system requires the physician to compare the patient's current lift capacity with his or her pre-injury lift capacity so that the loss of lift capacity can be used as the basis of disability determination. This is widely acknowledged to be an "educated guess" which is inherently unreliable. A more reliable estimate of lost work capacity can be made by using a procedure for which there are normative data which can be used to guide the physician and other decision-makers. In order to not discriminate unfairly based on gender, normative data must be gender-specific. If such a system is fair, although there will be differences between men and women in terms of test performance, the derived disability rating will not be biased.
The current paper describes the application of the Cal-FCP battery in a clinical setting with injured workers who were evaluated while in the California workers' compensation program.
All had suffered soft tissue musculoskeletal injuries. On average, these patients had been injured almost two years prior to evaluation. More than 70% of the subjects had suffered lumbar spine soft tissue injuries.
The Cal-FCP test battery was designed to provide information to the treating physician 30 days after the injury if the individual either has not returned to work or continues in active treatment.
In this demonstration project, referrals for evaluation were accepted without regard to duration of impairment. Surprisingly, the battery more often was used by physicians other than the treating physician for patients who were more than 30 days post-injury. In fact, all but two of the patients were referred after 30 days, with many were referred for testing more than one year after injury. 
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The duration of the test battery was designed to require 120 minutes to complete. On average, the Cal-FCP required less 1.5 hours. If time for test scoring and report preparation is included, more than 90% of the subject's cases were completed within 2 hours.
The expected gender differences and age differences in current lift capacity were found in this study. However, there were no gender-based or age-based differences in lost lift capacity as measured by the EPIC Lift Capacity test. This is likely to be due to the normative comparison on which the test is based, which is structured by both age and gender. In addition, there were no gender-based or age-based differences in disability rating.
The finding of no apparent bias is disability rating using this system may have important public There has been no prior demonstration that the disability rating system employed by the State of California (or by other states or governmental agencies) is gender-fair or absent of age bias. The current system [34] employs an adjustment for age which uses 39 years of age as a reference above and below which the disability rating is adjusted. For example, a disability rating of 50%
for a 39-year-old person is modified to be 43% for a 21-year-old and 57% for a 56-year-old.
Prior research indicates that a perfectly linear age gradient beginning at 21 years of age is probably inappropriate. It is more likely to begin later, certainly not before 25 years of age. The normative references that are used in the Cal-FCP resulted in no adverse impact against (or advantage for) older persons in terms of derived disability ratings. These data demonstrate a slight age decrement in lift capacity up to and including 39 years, with a pronounced decrement after that age. Thus, the California system may over-correct for age, discriminating unfairly against young workers.
In the current project, although men and women differed in lift capacity, the use of lift capacity normative data that were gender-based resulted in no adverse impact against females with regards to either loss of lift capacity or the disability rating. In the United States, this is a legal requirement for performance tests which may affect employment. The California system makes no provision for gender, presuming that the physician's judgment will allow for gender The present study has relevance for other systems of disability determination beyond that employed in California. For example, recent efforts by the United States Social Security
Administration to "re-engineer" the federal disability determination system [51] by including functional performance test results should consider inclusion of norms-based references such as were used in the present study. This would serve to facilitate standardization of disability determination so that the age and gender effects on disability determination are appropriately managed.
This research project provides the first example of how functional performance information can be collected and used to complement diagnosis and impairment information to address the extent of the individual's disability. There is no doubt that additional methods will be developed to further the continuing trend of moving from diagnosis-based disability determination to a functional basis. This is likely to have an important effect on rehabilitation in that it will tend to shift the emphasis on intervention away from palliative treatment to more aggressive functional restoration, using serial functional test performance as a key indicator of treatment effect.
The current research suggests that estimation of the evaluee's effort by the evaluator may be worthy of further exploration. It appears that the evaluee's effort is reflected in performance on lift capacity tests and on the test of self-perceived physical capacity. These findings support providing the Cal-FCP findings to the physician for interpretation so that the effort rating can be factored into the disability rating, rather than simply using these test results without such interpretation. Further research on the use of the physician's interpretation may not support this strategy, although it seems reasonable to factor in a reliability control such as this in order to improve the likelihood that the test results are valid.
In conclusion, this study demonstrated that the Cal-FCP test battery is a safe, reliable and useful method to objectively evaluate the work capacity of individuals who are impaired with musculoskeletal soft tissue injuries. It can be administered in a physician's office independently by a specially-trained and qualified professional or by a trained technician under the supervision of a physician in two hours or less. Results of the test battery can be used to rate occupational disability after a serious injury in a manner that is fair and unbiased, taking into account the evaluee's gender and the effects of the natural aging process on work capacity. Finally, because this method relies on a statistical estimate of loss of lift capacity, it is likely to be more accurate and reliable than the present system that requires the physician to estimate both the patient's preinjury and current work capacity. 
Rating
Carry Task Climb Task Table 3 . Pain intensity rating criteria based on the 10 cm visual analog scale. 
Category B = 15%
No very heavy work.
Category C = 20%
No heavy lifting.
Category D = 25%
No heavy lifting, repeated bending & stooping.
Category E = 30%
No heavy work.
Category F = 50%
Light work.
Category G = 60%
Semi-sedentary work.
Category H = 70%
Sedentary work. 
